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Description 



PRESSURE SENSITIVE TRIP MECHANISM 
FOR CIRCUIT BREAKERS 

Cross Reference to Related Applications 

[0001] This application is a continuation-in-part of U.S. Patent 
Application 10/248,912, filed February 28, 2003, pend- 
ing, which is a continuation of U.S. Patent Application 
09/682,391, filed August 20, 2001 and allowed as U.S. 
Patent No. 6,542,057, which is a continuation of U.S. 
Patent Application 09/571,810, filed May 16, 2000 and 
allowed as U.S. Patent No. 6,373,357, Bl, 4/16/02, all of 
which are incorporated by reference herein in their en- 
tirety. 

Background of the Invention 

[0002] The present invention relates generally to circuit breakers 
and more particularly to a circuit breaker employing a 
pressure sensitive trip mechanism for instantaneously un- 
latching the circuit breaker operating mechanism in re- 
sponse to an overcurrent or short circuit condition. 



[0003] Circuit breakers are one of a variety of overcurrent pro- 
tective devices used for circuit protection and isolation. 
The basic function of a circuit breaker is to provide elec- 
trical system protection whenever an electrical abnormal- 
ity occurs in any part of the system. In a rotary contact 
circuit breaker, electric current enters the system from a 
power source. The current passes through a line strap to a 
fixed contact fixed on the strap and then to a moveable 
contact. The moveable contact is fixedly attached to an 
arm, and the arm is mounted to a rotor that in turn is ro- 
tatably mounted in a cassette. As long as the fixed contact 
is in physical contact with the moveable contact, the cur- 
rent passes from the fixed contact to the moveable con- 
tact and out of the circuit breaker to downstream electri- 
cal devices. 

[0004] | n the event of an extremely high overcurrent condition 
(e.g. a short circuit), electro-magnetic forces are gener- 
ated between the fixed and moveable contacts. These 
electro-magnetic forces repel the movable contact away 
from the fixed contact. Because the moveable contact is 
fixedly attached to a rotating arm, the arm pivots and 
physically separates the moveable contact from the fixed 
contact. 



[0005] For a given model of circuit breaker, various types of trip 
units may be used. For example, mounted within a circuit 
breaker housing, a mechanical trip unit (e.g. thermal- 
magnetic or magnetic) can be employed. Alternatively, an 
electronic trip unit can also be employed that utilizes a 
current transformer. In order to trip the circuit breaker, 
the selected trip unit must activate a circuit breaker oper- 
ating mechanism. Once activated, the circuit breaker op- 
erating mechanism separates a pair of main contacts to 
stop the flow of current in the protected circuit. Conven- 
tional trip units act directly upon the circuit breaker oper- 
ating mechanism to activate the circuit breaker operating 
mechanism. 

[0006] | n a || circuit breakers, the separation of the breaker con- 
tacts due to a short circuit causes an electrical arc to form 
between the separating contacts. The arc causes the for- 
mation of relatively high-pressure gases as well as ioniza- 
tion of air molecules within the circuit breaker. Exhaust 
ports are conventionally employed to vent such gasses in 
a rotary contact circuit breaker; each phase (pole) may 
employ two pairs of contacts, two contacts of which rotate 
about a common axis generally perpendicular to the cur- 
rent path from the line side to the load side of the circuit 



breaker. Each contact set in such an arrangement uses an 
exhaust port to expel gasses. 
[0007] During an overcurrent or short circuit condition, it is de- 
sirable to trip the circuit breaker as quickly as possible in 
order to minimize the energy that the circuit breaker must 
absorb. For example, a very high level of arcing energy 
can develop when interrupting short circuits. Relatively 
severe, high level, and long lasting arcing can lead to ex- 
cessive wear to the contacts as well as the arc chutes. Fur- 
thermore, if the circuit breaker can trip very quickly, 
higher interruption ratings can be achieved. With higher 
interruption ratings, overall circuit performance is im- 
proved. At the same time, the tripping system is used to 
protect the circuit breaker and the system in the event of 
a single-phase condition, e.g. where only one phase be- 
comes overloaded. In a multi-phase system, a single- 
phase condition exists when one pole experiences a fault 
thereby blowing open and locking open the contacts of 
that pole. The remaining poles that do not experience the 
fault have their respective contacts remain closed. A sin- 
gle-phase condition is never desirable in a multi-phase 
system. 

[0008] Therefore, it is desirable to provide a circuit breaker trip- 



ping mechanism that will trip a circuit breaker very quickly 
while providing protection of the circuit breaker and the 
electrical system should a single-phase condition occur. 
Brief Description of the Invention 

[0009] Embodiments of the invention include a circuit breaker 
having a set of electrical contacts, a first actuator in fluid 
communication with the set of electrical contacts, a sec- 
ond actuator in operable communication with the first ac- 
tuator, and an operating mechanism in operable commu- 
nication with the set of electrical contacts and the second 
actuator. Pressurized gas created by separation of the set 
of electrical contacts acts on and drives the first actuator, 
which acts on and drives the second actuator, which ef- 
fectuates tripping of the operating mechanism. 

[0010] Further embodiments of the invention include a circuit 
breaker having a first set of electrical contacts, a second 
set of electrical contacts, and means for separating the 
second set of electrical contacts in response to a prede- 
termined level of pressurized gas created by separation of 
the first set of electrical contacts. The means for separat- 
ing further includes means for separating the first and the 
second set of electrical contacts in response to the means 
for separating being mechanically actuated. 



[0011] Additional embodiments of the invention include a circuit 
breaker having a base and a cover, a separable conduction 
path disposed within the base and the cover, and an oper- 
ating mechanism disposed within the base and the cover 
and in operable communication with the separable con- 
duction path. A first actuator is disposed in fluid commu- 
nication with the separable conduction path, and a second 
actuator is disposed in operable communication with and 
between the first actuator and the operating mechanism. 
Pressurized gas created by separation of the separable 
conduction path acts on and drives the first actuator, 
which acts on and drives the second actuator, which ef- 
fectuates tripping of the operating mechanism. 
Brief Description of the Drawings 

[0012] Figure 1 is a perspective view of an exemplary circuit 
breaker for utilizing embodiments of the invention; 

[0013] Figure 2 is an exploded view of the circuit breaker of Fig- 
ure 1; 

[0014] Figure 3 is a perspective view of an exemplary circuit 

breaker cassette assembly for use in the circuit breaker of 
Figure 1; 

[0015] Figure 4 is a perspective view of an exemplary pressure 
sensitive trip mechanism mounted onto the cassette of 



Figure 3; 

[0016] Figure 5 is a side view of an exemplary trip bar and trip 
lever relative to an exemplary rotary contact assembly of 
the cassette of Figure 3, showing the contacts in a tripped 
position; 

[0017] Figure 6 is a front end view of a center cassette and the 

trip bar of Figure 5; and 
[0018] Figure 7 is a side view of an alternative trip bar and trip 

lever arrangement similar to that of Figure 5. 
Detailed Description of the Invention 

[0019] Referring to Figure 1, an exemplary embodiment of a 

molded case circuit breaker 10 is generally shown. Circuit 
breakers of this type generally include an insulated case 
16 having a cover 14 attached to a mid-cover 12 coupled 
to a base 18. A handle 20 extending through cover 14 
gives the operator the ability to turn the circuit breaker 10 
on (shown in Figure 3) to energize a protected circuit (not 
shown), turn the circuit breaker off to disconnect the pro- 
tected circuit, or reset the circuit breaker after a fault. A 
plurality of line-side contact and load-side connector 
straps 22, 24, respectively, extend through the case 16 
for connecting the circuit breaker 10 to the line and load 
conductors of the protected circuit. The circuit breaker 10 



in Figure 1 shows atypical three phase configuration, 
however, embodiments of the present invention are not 
limited to this configuration but may be applied to other 
configurations, such as one, two or four phase circuit 
breakers, for example. 

[0020] Referring to Figure 2, the handle 20 is attached to a circuit 
breaker operating mechanism 26. The circuit breaker op- 
erating mechanism 26 is coupled with a center cassette 
(housing) 28 and is connected with outer cassettes 
(housings) 30 and 32 by drive pin 34. The cassettes 28, 
30, and 32 along with the circuit breaker operating mech- 
anism 26 are assembled into base 18 and retained therein 
by the mid-cover 12. The mid-cover 12 is connected to 
the base 18 by any convenient means, such as screws 35, 
snap-fit (not shown) or adhesive bonding (not shown). A 
cover 14 is attached to the mid-cover 12 by screws 36, or 
other suitable means. 

[0021] Referring to Figure 3, a circuit breaker cassette assembly 
38 is shown and comprises a rotary contact assembly, 
shown generally at 40, in a first electrically-insulative cas- 
sette half-piece 42 of center cassette 28 intermediate a 
line-side contact strap 22, and a load-side contact strap 
44. Line-side contact strap 22 is electrically connectable 



to line-side wiring (not shown) in an electrical distribution 
circuit, and load-side contact strap 44 is electrically con- 
nectable to load-side wiring (not shown) via a lug (not 
shown) or a mechanism such as a bimetallic element or 
current sensor (not shown). Electrically insulative shields 
46, 48 separate load-side contact strap 44 and line-side 
contact strap 22 from the associated arc chute assembly 
chambers 49, 51 for housing arc chute assemblies 50, 52, 
respectively, (best seen by referring to Figure 5). Although 
only a single circuit breaker cassette assembly 38 is 
shown, a separate circuit breaker cassette assembly 38 
may be employed for each pole of a multi-pole circuit 
breaker and operated in a manner similar to that of circuit 
breaker cassette assembly 38. Alternatively, one phase of 
circuit breaker 10 may employ multiple cassette assem- 
blies 38 for increasing the amperage of circuit breaker 10 
in a modular fashion. 
[0022] Electrical transport through rotary contact assembly 40 of 
circuit breaker cassette assembly 38 occurs from line-side 
contact strap 22 to an associated first fixed contact 54, 
through first and second movable contacts 56, 58 secured 
to the ends of a movable contact arm, shown generally at 
62, and to an associated second fixed contact 60 on load- 



side contact strap 44. Movable contact arm 62 is pivotally 
arranged between two halves of a rotor 64 and moves in 
conjunction with rotor 64 upon manual articulation of ro- 
tor 64. Rotor 64 is rotatably positioned on a rotor pivot 
axle 102 (shown below with reference to Figure 5), the 
ends of which are supported by inner parallel walls of first 
electrically-insulative cassette half-piece 42. The combi- 
nation of line-side contact strap 22, fixed contacts 54, 60, 
movable contacts 56, 58, contact arm 62, and load-side 
contact strap 44, may alternatively be viewed and referred 
to as a separable conduction path that may be opened 
and closed under the influence of operating mechanism 
26. 

[0023] jhe arc chute assemblies 50, 52 are positioned in the first 
electrically insulative cassette half piece 42 adjacent the 
respective pairs of first fixed and first moveable contacts 
54, 56 and second fixed and second moveable contacts 
60, 58. The first and second movable contacts 56, 58 and 
moveable contact arm 62 move through a passageway 
provided by the arc chute assemblies 50, 52 in order to 
engage and disengage from the respective first and sec- 
ond fixed contacts 54, 60. Each arc chute assembly 50, 52 
is adapted to interrupt and extinguish the arc which forms 



when the circuit breaker 10 is opened or tripped and the 
first and second moveable contacts 56, 58 are separated 
from the first and second fixed contacts 54, 60. 

[0024] Referring back to Figure 2, it is understood that circuit 
breaker cassette assemblies 116, 118, having cassettes 
30, 32, respectively, are similarly constructed to circuit 
breaker cassette assembly 38 having rotary contact as- 
sembly 40 described herein. 

[0025] Referring to Figure 4, an exemplary pressure sensitive trip 
mechanism (unit) 66 is shown mounted onto a second 
electrically insulative cassette half-piece 72. Center cas- 
sette 28 is formed by the mating of electrically insulative 
cassette half-piece 72 with first electrically insulative cas- 
sette half-piece 42. The pressure sensitive trip mecha- 
nism 66 comprises a trip bar (alternatively referred to as a 
first actuator) 68 and a trip lever (alternatively referred to 
as a second actuator) 70. Trip bar 68 has a base section 
80 (best seen by referring to Figure 5). Trip lever 70 com- 
prises a first section 106 and a second section 108, and is 
rotatably mounted about a pivot 74 located on an exterior 
surface of center cassette 28. First section 106 of trip 
lever 70 extends in a generally horizontal direction adja- 
cent the second electrically insulative cassette half-piece 



72 from pivot 74 towards the center of the center cassette 
28. Second section 108 of trip lever 70 extends in a gen- 
erally vertical direction adjacent to the second electrically 
insulative cassette half-piece 72 from pivot 74 towards a 
latch assembly 78 at circuit breaker operating mechanism 
26. Latch assembly 78 is actuatable by trip lever 70, and 
trip lever 70 is actuatable by the trip bar 68. Trip bar 68 is 
preferably molded of a high strength, high temperature 
thermoplastic. Trip lever 70 is preferably stamped from 
steel, but can also be molded of high strength plastic. 

[0026] a bearing member 104 having a bearing surface 110, de- 
picted in Figure 4, is preferably integrally molded into the 
base 18 of the circuit breaker 10 and has generally a flat- 
tened and thin structure. Bearing surface 110 is posi- 
tioned proximate to the bottom surface of base section 80 
of the trip bar 68 and is molded and shaped to support 
the trip bar 68. A bend 119 is formed proximate to the 
base section 80. Bearing member 104 provides structural 
support to the trip bar 68 when the trip bar 68 is sub- 
jected to the high pressure forces of the arc gases. 

[0027] Referring to Figure 5, the pressure sensitive trip mecha- 
nism 66 will be described in further detail. The pressure 
sensitive trip mechanism 66 is shown positioned relative 



to contact arm 62 of the rotary contact assembly 40. Ro- 
tary contact assembly 40 is shown in an off position. 

[0028] B ase section 80 of trip bar 68 comprises at least one ex- 
tension 82 extending from the base section 80, and a 
protrusion 84 extending outward, preferably perpendicu- 
larly, from base section 80. Trip bar 68 is rotatably 
mounted about a pivot 86 located on the exterior surface 
of the second electrically insulative cassette half-piece 72 
(Figure 2). Preferably, pivot 86 is a first pivot pin and most 
preferably, first pivot pin is made of metal. Pivot 86 is lo- 
cated on protrusion 84 and arranged for insertion into a 
corresponding opening (not shown) located within the ex- 
terior surface of the second electrically insulative cassette 
half-piece 72. The extension 82 of trip bar 68 extends 
through a corresponding opening 88 located generally in 
the lower section of the center cassette 28 (Figure 1). 
Opening 88 is located proximate to the arc chute 50. 
Thus, extension 82, when extending inside the center 
cassette 28, is in gaseous communication with the arc 
chute 50. Preferably, base section 80 is generally flat and 
elongated in order to accommodate positioning proximate 
to cassettes 28, 30, 32. 

[0029] T r jp | ever 70 is rotatably mounted about a pivot 74 lo- 



cated on the exterior surface of the second electrically in- 
sulative cassette half-piece 72 (Figure 2). Trip lever 70 in- 
cludes a free end 92 of first section 106. Free end 92 is 
proximate to protrusion 84. Trip lever 70 also includes a 
free end 94. Free end 94 is generally U-shaped so that 
movement of trip lever 70 in the clockwise direction 
moves a trip arm 96 in a direction to unlatch a latching 
mechanism 78. 

[0030] For a multi-pole circuit breaker, each cassette 28, 30, 32 
would have corresponding openings 88 located proximate 
to the respective arc chutes 50 in order that the exten- 
sions 82 (shown in phantom and solid lines in Figure 4) 
extending from the base section 80 of trip bar 68 may ex- 
tend through all cassettes being utilized. 

[0031] Referring back to Figures 3, 4 and 5, the movement of the 
pressure sensitive trip mechanism 66 will now be detailed. 

[0032] under high-level short circuit or overcurrent faults, con- 
tact arm 62 is opened due to the magnetic forces at fixed 
and moveable contacts 54, 56, 58, 60. As the contact arm 
62 is opened and the moveable contacts 56, 58 are sepa- 
rated from the fixed contacts 54, 60, a plasma arc is 
formed between the fixed and moveable contacts 54, 56, 
58, 60. This arc generates arc gases of relatively high 



pressure within the center cassette 28. 
[0033] Generally, the level of pressure created in center cassette 
28 is proportional to the current and voltage levels of the 
fault. Once the pressure inside arc chute 50 reaches a 
predetermined level that is consistent with the desired 
overcurrent or short circuit overcurrent level for which a 
trip of circuit breaker 10 is desired, extension 82 of trip 
bar 68 will rotate counterclockwise about pivot 86 in re- 
sponse to the force exerted on it by the increased pres- 
sure (see Figure 5). The rotation of trip bar 68 will cause 
radial protrusion 84 to make contact with, and apply a 
force against, free end 92 of trip lever 70. Trip lever 70, in 
reaction to the movement of trip bar 68, will rotate clock- 
wise about pivot 74. Free end 94 of trip lever 70 then 
makes contact with trip arm 96 of latch assembly 78. 
Latch assembly 78 unlatches the circuit breaker operating 
mechanism 26 causing all phases of circuit breaker 10 to 
trip in response to the short circuit or overcurrent fault 
condition. 

[0034] incidentally, it will be appreciated that the pressure sensi- 
tive trip mechanism 66 can be arranged for use in a circuit 
breaker having a plurality of cassettes 28, 30, 32 as 
shown in Figure 1, where each pole of a particular circuit 



breaker would utilize one extension 82 located along trip 
bar 68. Each respective extension 82 extending from trip 
bar 68 will react to the pressure created within the corre- 
sponding cassette 28, 30, 32. In this way, trip lever 70, 
located proximate to the center pole or mechanism pole, 
extension 82 of trip bar 68, as well as trip bar 68 itself, all 
respond to a fault condition in any pole of circuit breaker 
10. When a high level short circuit or overcurrent fault oc- 
curs, the pole seeing the highest short circuit letthrough, 
and therefore highest arc gas pressure, will trip due to the 
pressure increase in the respective cassette 28, 30, 32. In 
this way, each pole employs trip bar 68 and trip lever 70. 
A trip of one pole moves latch assembly 78 thereby un- 
latching the circuit breaker operating mechanism 26. 
Once the circuit breaker operating mechanism 26 is un- 
latched, all contacts associated with the poles of circuit 
breaker 10 are opened by the circuit breaker operating 
mechanism 26 and the flow of electrical current through 
circuit breaker 10 is stopped. 
[0035] Referring to Figure 5, in a further exemplary embodiment 
of the invention, a trip finger 100 is employed with the 
trip bar 68 and trip lever 70 to mechanically trip the cir- 
cuit breaker 10. In this embodiment of the present inven- 



tion, at least one trip finger 100 protrudes outward from 
the trip bar 68, preferably in the same general direction as 
the protrusion 84. Trip finger 100 is located proximate to 
contact arm 62 on the load side of the cassette assembly 
38. 

[0036] Referring to Figures 2, 3 and 5, the manner in which the 
trip finger 100 operates relative to the rotary contact as- 
sembly 40 in order to mechanically trip the circuit breaker 
10 will be detailed. 

[0037] under high-level short circuit or overcurrent faults, the 
contact arm 62 is opened due to the magnetic forces at 
the fixed and moveable contacts 54, 56, 58, 60. As the 
contact arm 62 is opened and the moveable contacts 54, 
60 are separated from the fixed contacts 56, 58, the con- 
tact arm 62 rotates counterclockwise about rotor axle 
pivot 102. The rotation of the contact arm 62 causes the 
contact arm 62 to make contact with trip finger 100 lo- 
cated on trip bar 68. Trip bar 68 will then rotate counter- 
clockwise about pivot 86 in response to the force exerted 
on the trip finger 100. The rotation of trip bar 68 will 
cause protrusion 84 to make contact with, and apply force 
against, free end 92 of trip lever 70. The trip lever 70, in 
reaction to the movement of trip bar 68, will rotate clock- 



wise about pivot 74. The free end 94 of trip lever 70 then 
makes contact with the trip arm 96 of the latch assembly 
78. Latch assembly 78 rotates counterclockwise about 
pivot 76 to unlatch the circuit breaker operating mecha- 
nism 26 causing all phases of the circuit breaker to trip in 
response to the short circuit or overcurrent fault condi- 
tion. 

[0038] Referring to Figure 6, the line-side front end view of the 
center cassette 28 relative to the trip bar 68 is shown. It 
will be appreciated that in a multi-pole circuit breaker, the 
number of trip fingers 100 utilized on the trip bar 68 will 
correspond to the number of poles for a particular circuit 
breaker. Each pole or phase of the circuit breaker would 
utilize one trip finger 100 located along trip bar 68. For 
example, and referring also to the three pole circuit 
breaker 10 shown in Figure 2, trip bar 68 would have 
three extensions 82 and three trip fingers 100. In this 
way, each contact arm 62 (Figure 3) employed in a multi- 
pole circuit breaker individually acts upon the respective 
trip finger 100 located on the base section 80 of trip bar 
68. Each respective trip finger 100 will be located proxi- 
mate to the corresponding contact arm 62. When a high 
level short circuit or overcurrent fault occurs, the pole 



seeing the highest short circuit letthrough will trip as a 
result of the respective contact arm 62 blowing open and 
making contact with the respective trip finger 100. In this 
way, each pole employs the base section 80 and protru- 
sion 84 of the trip bar 68 as well as the trip lever 70. A 
trip of one pole moves the latch assembly 78 (Figure 5) 
thereby unlatching the circuit breaker operating mecha- 
nism 26. Once the circuit breaker operating mechanism 
26 is unlatched, all contacts associated with the poles of 
the circuit breaker 10 open, and the flow of electrical cur- 
rent through the circuit breaker 10 is stopped. In an em- 
bodiment where more than one phase and more than one 
extension 82 may be present, one of the additional exten- 
sions 82 may also be referred to as a third actuator. 
[0039] Referring to Figures 2, 3, 5 and 6, it is further noted and 
within the scope of the invention that in the multi-pole 
circuit breaker 10, a second pivot pin 98, in addition to 
the first pivot pin 86, may be utilized on protrusion 84 of 
trip bar 68 to fit into a corresponding opening (not 
shown) in the exterior surface of the outer cassette 30. In 
an embodiment, first and second pivot pins 86, 98 would 
be steel pins press fit into blind holes of protrusion 84, 
thereby providing phase-to-phase electrical isolation be- 



tween cassettes 28 and 30. Also, a second protrusion 114 
may extend outward from base section 80 and be posi- 
tioned proximate the center cassette 28 and the third cas- 
sette 32. Second protrusion 114 may utilize a third pivot 
pin (not shown) for insertion into a corresponding open- 
ing (not shown) in the exterior surface of first electrically- 
insulative cassette half-piece 42 of center cassette 28. 
Second protrusion 114 may also utilize a fourth pivot pin 
(not shown) for insertion into a corresponding opening 
(not shown) in the exterior surface of outer cassette 32. In 
an embodiment, third and fourth pivot pins (not shown) 
would be steel pins press fit into blind holes of protrusion 
114, thereby providing phase-to-phase electrical isolation 
between cassettes 28 and 32. In this manner, first and 
second pivot pins 86, 98 at protrusion 84 and third and 
fourth pivot pins (not shown) at protrusion 114, would 
provide pivotal stability to trip bar 68 relative to cassettes 
28, 30, 32. 

[0040] As described herein, the pressure sensitive trip mecha- 
nism 66 for actuating a circuit breaker operating mecha- 
nism to trip a circuit breaker includes a trip lever 70 and a 
trip bar 68 and is readily adaptable to a variety of circuit 
breakers. The pressure sensitive trip mechanism 66 pro- 



vides for very fast tripping of the circuit breaker 10 in the 
event of a short circuit condition or an overcurrent fault 
condition within anyone of the circuit breaker poles. Fast 
response time to trip the circuit breaker 10 is achieved 
due to the close proximity of the trip bar 68 and exten- 
sions 82 to the source of the high pressure generated 
within the cassettes 28, 30, 32. Thus, the pressure sensi- 
tive trip mechanism 66 will cause the circuit breaker to 
trip should any one phase in a multi-phase circuit breaker 
blow open before the trip unit (e.g. mechanical or elec- 
tronic) can react and trip the circuit breaker. Fast tripping 
during a short circuit condition protects the fixed and 
movable contacts 54, 56, 58, 60 and arc chutes 50, 52 
from excessive wear due to extended exposure to high 
arcing energy. Finally, bearing member 104 provides 
structural support for the trip bar 68 and ensures that the 
high pressure force acting on the trip bar 68 is translated 
into a rotational force that rotates the trip bar 68. 
[0041] Referring to Figures 5 and 6, in an alternative exemplary 
embodiment of the invention, an actuation finger 
(alternatively referred to as a mechanical actuation arm) 
200 is integrally formed on trip bar 68 on the opposite 
side of pivot 86 to extension 82, and extends substan- 



tially perpendicular to protrusion 84, as seen in Figure 6. 
In an embodiment, actuation finger 200 is accessible dur- 
ing the assembly of circuit breaker 10, but not accessible 
subsequent to the final assembly of cover 14 onto mid- 
cover 12. Upon the assembly of cassettes 28, 30, 32 into 
base 18, see Figure 2, a trip tool (not shown, but such as 
a long shank flat blade screw driver for example) may be 
inserted at the load-side end of circuit breaker 10 be- 
tween cassettes 28 and 30 to interact with actuation fin- 
ger 200 and to exert a force thereon. Similar to actuation 
finger 200, a second actuation finger 202 may be inte- 
grally formed on trip bar 68 extending substantially per- 
pendicular from protrusion 114, such that the trip tool 
may be inserted at the load-side end of circuit breaker 10 
between cassettes 28 and 32 to interact with second actu- 
ation finger 202 and to exert a force thereon. By applying 
a force to actuation finger 200 in such a manner as to ro- 
tate trip bar 68 in a counterclockwise direction, best seen 
by referring to Figure 5, trip bar 68 will rotate about pivot 
86 causing trip lever 70 to rotate clockwise about pivot 74 
and latch assembly 78 to rotate counterclockwise about 
pivot 76, thereby unlatching circuit breaker operating 
mechanism 26 causing all phases of the circuit breaker to 



trip in response to a mechanical trip action by the trip 
tool. 

[0042] Referring now to Figure 7, an alternative pressure trip 
mechanism 210 to that of pressure trip mechanism 66, 
with mechanical trip action, will now be described. Figure 
7 depicts a side view of cassette 28 similar to that de- 
picted in Figure 5, except with cassette half piece 72 only 
partially removed, depicted as cutaway 212. A trip lever 
(alternatively referred to as a second actuator) 220, similar 
to trip lever 70, is pivotally attached to cassette half piece 
72 at pivot 230 and is biased in a counterclockwise direc- 
tion thereabout. Trip lever 220 has a first section 222 that 
extends substantially downward from pivot 230 to free 
end 224, and a second section 226 that extends substan- 
tially upward from pivot 230 to a free end 228. A trip bar 
(alternatively referred to as a first actuator) 240 is piv- 
otally attached to cassette half piece 72 at pivot 242. Trip 
bar 240 includes a first extension 244 that extends to free 
end 246 external to cassette 28, and a second extension 
248 that extends to free end 250 internal to cassette 28. 
Second extension 248 is disposed in fluid communication 
with and between arc chute chamber 49 and exhaust port 
252. First and second extensions 244, 248 are coupled 



together so as to move in unison about pivot 242. Free 
end 228 of trip lever 220 interacts with trip arm 96 of 
latching mechanism 78 in a manner similar to that dis- 
cussed previously to trip operating mechanism 26 on 
command. Free end 224 of trip lever 220 interacts with 
free end 246 of trip bar 240 in a manner now to be dis- 
cussed. 

[0043] | n a quiescent state with operating mechanism 26 latched 
and turned ON, latching mechanism 78 biases trip arm 96 
clockwise about pivot 76 to interact with free end 228 of 
trip lever 220. Trip lever 220 is biased counterclockwise 
about pivot 230 resulting in free end 224 of trip lever 220 
interacting with free end 246 of trip bar 240. In response 
to this interaction, second extension 248 is biased clock- 
wise about pivot 242 into a closed position where free end 
250 closes off a gas flow channel between arc chute 
chamber 49 and exhaust port 252 as defined by cassette 
half pieces 42, 72. 

[0044] under a short circuit condition, contact arm 62 blows 

open to separate movable contacts 56, 58 from fixed con- 
tacts 54, 60, resulting in an electric arc being driven into 
arc chutes 50, 52, and arc chute chambers 49, 51 being 
pressurized with arc gases. The pressure differential be- 



tween arc chute chamber 49 and exhaust port 252 results 
in a gas pressure being applied to second extension 248 
that drives trip bar 240 counterclockwise about pivot 242, 
and drives free end 246 of first extension 244 into free 
224 of first section 222. The interaction between free 
ends 246 and 224 results in trip lever 220 being driven 
clockwise about pivot 230 to trip operating mechanism 26 
in a manner similar to that discussed previously. 

[0045] The resetting of operating mechanism 26 serves to repo- 
sition trip arm 96, trip lever 220, and trip bar 240 into the 
quiescent position depicted in Figure 7. 

[0046] Similar to the previous discussion regarding the insertion 
of a trip tool at the load-side end of circuit breaker 10 
between cassettes 28 and 30 to interact with actuation 
finger 200 and to exert a force thereon (see Figures 5 and 
6) to effectuate tripping of operating mechanism 26, a 
similar trip tool 260 (not to scale) may be inserted into 
exhaust port 252 between exhaust port wall 254 and free 
end 250 to drive trip bar 240 counterclockwise about 
pivot 242, thereby enabling a mechanical trip of operating 
mechanism 26 via pressure trip mechanism 210. When 
used to mechanically trip operating mechanism 26, sec- 
ond extension 248 may be viewed as a mechanical actua- 



tion arm. 

[0047] a s an alternative to mechanical actuation arm 248, first 
extension 244 of trip bar 240 may include an actuation 
finger 200, similar to that discussed previously in relation 
to Figures 5 and 6. Here, actuation finger 200 is integral 
with first extension 244, disposed between pivot 242 and 
free end 246, and is arranged sideways perpendicular to 
first extension 244. With cassette 28 installed in base 18, 
an access hole 19 in base 18, best seen by referring to 
Figure 2, provides access for a trip tool 260 to be used for 
reaching inside base 18 to exert a trip force on actuation 
finger 200. Access hole 19 is arranged in base 18 such 
that a counterclockwise movement of trip bar 240 about 
pivot 242 may be achieved by pushing trip tool 260 
against actuation finger 200. Access hole 19 may be left 
open after final assembly of circuit breaker 10, or sealed 
closed using a suitable potting compound. 

[0048] similar to the previous discussion regarding multiple cas- 
settes 28, 30, 32 each having extension 82 for effectuat- 
ing single-phase or multi-phase tripping of a multi-pole 
circuit breaker 10, a similar arrangement may be adopted 
with pressure trip mechanism 210 where multiple cas- 
settes 28, 30, 32 each have second extension 248 for 



transmitting a trip signal to first extension 244 to effectu- 
ate single-phase or multi-phase tripping. The transmis- 
sion of torque from second extension 248 at outside cas- 
sette 30, 32 to center cassette 28 may be accomplished 
by using a keyed pivot pin at pivot 242, or by any other 
suitable means for transmitting a torque. In an embodi- 
ment where more than one phase and more than one sec- 
ond extension 248 may be present, one of the additional 
second extensions 248 may also be referred to as a third 
actuator. In an embodiment having multiple extensions 
248 for multiple phases of circuit breaker 10, a keyed 
pivot pin at pivot 242 would serve to couple all extensions 
248 together on trip bar 240, such that movement at one 
extension 248 would result in movement at the other ex- 
tensions 248, as well as resulting in movement at first ex- 
tension 244. 

[0049] | n an embodiment, actuation finger 200, second actuation 
finger 202, and second extension 248, may be accessible 
by the trip tool prior to the assembly of midcover 12 and 
cover 14 onto base 18, but may not be accessible by the 
same subsequent to the assembly of midcover 12 and 
cover 14 onto base 18. In this manner, trip bar 68, 240 
may be accessed during the assembly of circuit breaker 



10 to ensure proper operation of pressure trip mechanism 
66, 210 by an authorized operator, but may not be ac- 
cessed in a customer installation by an unauthorized user, 
thereby avoiding inadvertent damage to pressure trip 
mechanism 66, 210. 
[0050] while the invention has been described with reference to 
exemplary embodiments, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
situation or material to the teachings of the invention 
without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited 
to the particular embodiment disclosed as the best or only 
mode contemplated for carrying out this invention, but 
that the invention will include all embodiments falling 
within the scope of the appended claims. Moreover, the 
use of the terms first, second, etc. do not denote any or- 
der or importance, but rather the terms first, second, etc. 
are used to distinguish one element from another. Fur- 
thermore, the use of the terms a, an, etc. do not denote a 
limitation of quantity, but rather denote the presence of at 



least one of the referenced item. 



